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Abstract

Aging is often associated with a decline in physical function that eventually leads to loss of autonomy in activities of daily living
(ADL). Walking is a very common ADL, important for main determinants of quality of life in older age, and it requires the in-
tegration of many physiological systems. Gait speed has been described as the ‘sixth vital sign’ because it is a core indicator of
health and function in aging and disease. We reviewed original studies up to June 2020 that assessed frailty in both longitu-
dinal and cross-sectional observational studies, paying particular attention to how gait is measured in older population and
how the gait parameter adopted may influence the estimated frailty models and the health-related outcomes of the various
studies (i.e. clinical, cognitive, physical, and nutritional outcomes). Eighty-five studies met the search strategy and were in-
cluded in the present systematic review. According to the frailty tools, more than 60% of the studies used the physical phe-
notype model proposed by Fried and colleagues, while one-third referred to multi-domain indexes or models and only 5%
referred to other single-domain frailty models (social or cognitive). The great heterogeneity observed in gait measurements
and protocols limited the possibility to directly compare the results of the studies and it could represent an important issue
causing variability in the different outcome measures in both clinical-and population-based settings. Gait appeared to be an
indicator of health and function also in frail older adults, and different gait parameters appeared to predict adverse
health-related outcomes in clinical, cognitive, and physical domains and, to a lesser extent, in nutritional domain. Gait has
the potential to elucidate the common basic mechanisms of cognitive and motor decline. Advances in technology may extend
the validity of gait in different clinical settings also in frail older adults, and technology-based assessment should be encour-
aged. Combining various gait parameters may enhance frailty prediction and classification of different frailty phenotypes.

Keywords Aging; Gait analysis; Health status; Cognition; Physical performance; Diet

Received: 28 August 2020; Revised: 30 October 2020; Accepted: 16 December 2020
*Correspondence to: Dr llaria Bortone, Eng, PhD, and Dr Francesco Panza, MD, PhD, Population Health Unit — “Salus In Apulia Study”, National Institute of Gastroenterology
“Saverio de Bellis”, Research Hospital, Castellana Grotte, Bari, Italy. Email: ilariabortone@gmail.com

Introduction explicit connection to a defined medical condition and, often,

it does not receive proper medical attention until a late stage.
Aging can be associated with a decline in physical function  With this evidence, the concept of frailty has gained impor-
that eventually leads to loss of autonomy in daily life tance over the past decade because of the population aging
activities.> In many older persons, such a decline has no and the pressing need to prevent late-life disability and its

© 2021 The Authors. Journal of Cachexia, Sarcopenia and Muscle published by John Wiley & Sons Ltd on behalf of Society on Sarcopenia, Cachexia and Wasting Disorders


https://orcid.org/0000-0002-4767-5334
https://orcid.org/0000-0003-1383-1850
https://orcid.org/0000-0002-7220-0656
mailto:ilariabortone@gmail.com

The influence of gait on frailty models and health outcomes

275

burdening consequences.? In fact, as a general concept,
frailty is a clinical condition characterized by reduced capaci-
ties in multiple physiological systems, determining a state of
increased vulnerability to stressors and susceptibility to ad-
verse health-related outcomes (e.g. functional decline, falls,
hospitalization, and death).® The causes of frailty are not fully
understood. A pathophysiological pathway that shows simi-
larities with, but is not identical to, the aging process has
been recently reported in frail older adults with cancer.*
However, even though the underlying mechanisms of frailty
are not fully understood, frailty is acknowledged to be not
only a biological or physiological state but also a multidimen-
sional concept.® Indeed, this clinical condition may include
sensorial, physical, social, cognitive, psychological/depres-
sive, and nutritional phenotypes.® Within each of the physi-
cal, psychological, and social dimensions, various risk factors
or determinants for frailty exist. These factors include (i) a
physical dimension: nutritional status,® physical activity,”
mobility,” strength,*® and energy; (i) a neuropsychological di-
mension: cognition***? and mood®3; and (iii) a social dimen-
sion: lack of social contacts and social support.****

In particular, mobility is the most studied and most rele-
vant physical ability affecting quality of life with strong prog-
nostic value for disability and survival.® In fact, walking is a
component of activity of daily living (ADL), and it is important
for the main determinants of quality of life in older age such
as maintaining independence in ADL, enjoying an adequate
level of social interaction, and retaining good emotional
vitality.)” Although it appears to be an entirely unsophisti-
cated automated motor task, maintaining normal gait is a
much complex process requiring intact multisystem function
and coordination.*®° Actually, effective gait requires the in-
tegration of many physiological systems, including the central
and peripheral nervous systems that create and execute the
motor program, the musculoskeletal system that moves and
supports the body, and the cardio-pulmonary function that
provides perfusion of adequate nutrients and oxygen to all
of the integrated parts. With an increase in age, physiologi-
cally characterized by a decrease in lean mass, bone mineral
density and, to a lesser extent, fat mass disturbances in either
one of these functions®®?! affect parameters of gait (i.e.
speed, stride length, and swing time), thus resulting in abnor-
mal gait.?

Gait speed has been described as the ‘sixth vital sign’
because it is a core indicator of health and function in aging
and disease,?*” as confirmed in 2009 by the International
Academy on Nutrition and Aging Task Force®® and in 2019
by the Canadian Consortium on Neurodegeneration in
Aging.?° However, because most of the studies have relied
on qualitative measurements in a standardized setting, a
great heterogeneity in the adopted protocols emerged and
it made difficult to compare the results. Furthermore, it has
not been yet clarified whether parameters of gait perfor-
mance other than gait speed may also play a role. In fact,

although gait speed showed high effect size for discriminat-
ing between frailty status groups,° slow gait is a nonspecific
variable, which is also linked to aging and other aging-related
gait disorders. In addition, emerging evidence has shown how
many genetic and non-genetic factors (environment and dis-
ease) are likely to affect quantitative complex traits such as
gait speed.

The complexity and the multidimensionality of gait make it
difficult to clarify its real role in a potentially frail population.
Thus, the objectives of the present systematic review were

e to highlight the great heterogeneity in the protocol and
the parameters adopted when dealing with gait aspects,
paying attention to its role as a predictor for frailty or an
outcome’s measurement;

e to summarize all the information related to how gait and/
or related parameters have been measured in the differ-
ent frailty models or tools;

¢ to report how the gait and/or related parameters adopted
may have influenced the estimated frailty in both
population-and clinical-based settings; and

¢ to show how the gait and/or related parameters affected
the health-related outcomes of the various studies, that
is, clinical (mortality, hospitalization rate, geriatric
syndromes, functional status, and quality of life),
cognitive [mild cognitive impairment (MCI), Alzheimer’s
disease (AD), dementia, and neuropsychological tests],
physical (laboratory-based biomarkers, physical activity,
sensorial impairments, and falls), and nutritional outcomes
(malnourished status assessed through diet energy/
nutrient intakes and/or validated scales).

Methods

Information sources, search strategy, and eligibility
criteria

The present review was conducted following PRISMA
guidelines.3* No protocol for the study has been published.
Two of the authors (I. B. and L. L.) independently conducted
an extensive literature search. The databases PubMed,
Scopus, and ISI Web of Knowledge were screened using the
following combination of keywords: (‘gait’ OR ‘gait analysis’)
AND (‘frailty’) AND (‘cognitive’ OR ‘cognition’ AND ‘impair-
ment’). Observational studies considered as eligible for the
present review were those that met the following inclusion
criteria: published as an original article in scientific journals
up to June 2020; available entirely in English; defining a frail
population/cohort through a validated frailty model®?; indi-
cating the assessment of gait impairment; indicating a cogni-
tive screening; and involving population aged >50 years.
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In relation to the classification of frail individuals, we de-
cided to consider primary frailty as defined by Xue and
colleagues®: a unique clinical entity in itself and its underly-
ing pathophysiology is separable from other disease-specific
processes. We then excluded all the studies involving second-
ary frailty, where frailty is clinically in conjunction with signs
and symptoms of a pre-existing disease (e.g. congestive heart
failure) or a direct consequence of the pre-existing disease or
an acute health event (e.g. hip fracture).>® The exclusion
criteria adopted were as follows: repeated in the databases;
included as editorials, reviews, reports of experience,
abstracts published in events, monographs, dissertations or
theses, review studies, and meta-analyses; involving only
older people with a specific disease (hypertension, diabetes,
arthritis/arthrosis, cardiovascular diseases, AD, and
Parkinson’s disease); and involving treatment or intervention.
Neither randomized controlled trials nor interventional stud-
ies have been considered as eligible. Potentially relevant arti-
cles were identified by reading the abstract and, if necessary,
by reading the full text version of the article.

Risk of bias was assessed using the checklist published by
the US National Heart, Lung and Blood Institute for observa-
tional cohort and cross-sectional studies (https://www.nhlbi.
nih.gov/health-topics/study-quality-assessment-tools), con-
sidering all the criteria except those related to the outcome
(Items 8 and 11). In order to deal with publication bias, we
did not limit our search to only journal articles indexed in
cited repositories, but we searched for results through other
routes including references on potential relevance to be
added to the review if inclusion criteria were met.

Data extraction

Firstly, the following information was collected from the se-
lected studies: location (country) where the study was con-
ducted and number and characteristics of the sample
involved. Secondly, frailty tools, gait protocols, objectives,
outcomes, and main findings were extracted. The procedures
for selection of eligible studies involved reading the titles, ab-
stracts, and the studies in full. Studies that did not meet the
inclusion criteria or did not address the research question
were excluded.

Frailty models and domains

In the present study, we chose to focus on the physical, psy-
chological, and social domains of frailty to reflect the multidi-
mensional nature of this concept. Based on earlier systematic
review articles,* the factors nutritional status, physical activ-
ity, mobility, strength, energy (physical domain), cognition,
mood (psychological domain), and social relations/social sup-
port (social domain) were selected as essential factors in
frailty assessment (Table 1). It was judged whether the frailty
tools used for the diagnosis covered these frailty factors. In

Table 1 Frailty instrument domains

Frailty domain Operationalization

Nutritional status Body weight

Appetite

Body mass index

Nutritional assessment

Level of physical activity

Leisure time physical (group) activity

Difficulty or needing help walking/moving

in and around the house

Gait speed

Tiredness

Energy level (e.g. exhaustion/fatigue)

Lifting an object that weighs over 5 kg

Weakness in arms and/or legs

Performing chair stands

Climbing stairs

Grip strength

Calf muscle circumference

Depression/depressed mood

Sadness

Anxiety

Nervousness

Memory problems

Diagnosed  dementia  or

impairment

relations/socialSocial resources (when help is needed,
can someone provide this?)
Emptiness/missing people around

Physical activity

Mobility

Energy

Strength

Mood

Cognition
cognitive

Social
support

addition, for frailty tools, we identified two categories:
multi-domain  and single-domain  frailty tools. The
multi-domain tools focus on a broad concept of frailty and in-
clude losses in the medical, psychological, cognitive, func-
tional, and social domains. On the other hand, the
single-domain tools solely focus on one frailty phenotype
such as social frailty, cognitive frailty, or physical frailty.

Gait protocols

All items regarding gait or walking abilities were extracted
from the following protocols. We looked for the kind of test
adopted to measure mobility performance, the parameters
analysed, and if any technological devices have been used.
We reported whether:

e Gait speed was aimed over a short distance (maximum
20 m); reported as a continuous measure with measures
of central tendency (mean and/or median) and distribu-
tion [standard deviation (SD) and/or range]; reported as
categorical measures; measured as a straight walk on a
level indoor surface with no turns (excluding walking on
treadmill); and timed under same conditions (i.e. while
performing tasks accepted only if single tasks were re-
ported too).

¢ Dual-task gait, defined here as walking while performing a
cognitively demanding task, has been performed to isolate
the cognitive component of locomotion and provide in-
sights into the mechanisms of motor control.

e Gait variability, fluctuations in temporal and spatial gait
parameters, have been measured.
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Health-related outcomes
Study outcomes have also been extracted and grouped ac-
cording to the nature of the measure (as shown in Figure 1):

clinical domain in case of measurable changes in health,

function, or quality of life that result from the study sample

(i.e. hospital readmission rates or by agreed scales and

other forms of measurement, disability, mortality, etc.);

ii cognitive domain when a diagnosis of MCI, AD, and de-
mentia has been made or cognitive impairment in specific
domains;

iii physical domain when related to changes in physical vari-
ables (i.e. sensorial impairments, balance, falls,
laboratory-based biomarkers, and physical abilities); and

iv nutritional domain when related to a diagnosis of mal-

nourished status assessed through diet energy/nutrient

intakes and/or validated scales.

Results
Included studies

the
the

At first,
among

literature search generated 309 articles
three databases consulted (Supporting

alt

Information, Table S1). After combining the results, 229 arti-
cles were present in our database. Twenty-three studies were
identified through other sources and included in the process.
While screening all titles and abstracts, 124 hits were ex-
cluded because they were not referenced as original journal
articles, and 80 were excluded because they were duplicates.
Then another seven papers were further excluded because (i)
they focused on a different topic, (ii) they included gait tests
not designed for a frail population, and (iii) different popula-
tions were investigated. Finally, 85 studies were included in
the present systematic review according to the inclusion
criteria. A detailed overview of this process can be found in
Figure 2.

The research questions of the included papers were clearly
stated, and the study population was clearly specified and de-
fined. The authors assessed a sufficient participation rate of
eligible persons, and all the subjects were recruited from sim-
ilar populations, with prespecified inclusion and exclusion
criteria being applied uniformly to all participants. Most of
the studies did not provide neither sample size justification
nor power description. However, they included such limita-
tions in the Discussion section. Because the inclusion criteria
for the selected papers considered non-clinical population,
the outcome assessors were blinded to the exposure status
of participants, although the authors did not clearly state it
in the text. For longitudinal studies, the loss to follow-up
was less than 20%. All the included studies considered key

Clinical

eMortality
eHospitalization rate
sGeriatric syndromes
eFunctional status
eQuality of life

Cognitive

eMild Cognitive Impairment (MCl)
eAlzheimer Disease (AD)
eDementia
eNeuropsychological tests

Physical

eLaboratory-based biomarkers
ePhysical activity

eSensorial impairments

sFalls

Nutritional

eMalnourished status
eDiet energy/nutrient intakes
eValidated scales

Figure 1 Health-related outcomes extracted and grouped according to the nature of the measure (clinical, cognitive, physical, and nutritional) in re-

lation to gait.
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PRISMA 2009 Flow Diagram

Records identified through
database searching
(n =309, 63 from PubMed, 95 from
Scopus, and 151 from ISI Web of
Knowledge)

Additional records identified
through other sources
(n=23)

Identification

Records after duphicates removed
[n=252)

Records scresned R Records excduded
(n=128) =1 [n=124)
—
—
E Full-text articles assessed Full-text artides excduded,
% for eligibility > with reasons
- (n=92) (n=7)
) S
e

Studies included in
qualitatrve synthesis
(n=385)

Included

Figure 2 PRISMA 2009 flow diagram of retrieved and selected studies.

potential confounding variables measured and adjusted sta-
tistically for their impact on the relationship between
exposure(s) and outcome(s) (Table S2).

The characteristics of the selected studies indicated there
were more articles published in the last 5 years (n = 61,
71.8%). Regarding sample size, there were variations in quan-
tity, ranging from 43 older subjects in a cross-sectional study
to 49 283 participants in a multicentre cohort study. There
was a predominance of cross-sectional studies (n = 53,
62.4%), with a slight prevalence of population-based studies.
According to the frailty phenotype, 57 studies used the phys-
ical phenotype model proposed by Fried and colleagues,®* a
single-domain frailty tool. Twelve of them assessed also other

frailty phenotype models in both physical and cognitive do-
mains as did other 17 studies. Only four articles referred to
other single-domain frailty tools (social or cognitive). It is
worth noting that several articles considered physical func-
tion deficits to be characterized by slow walking speed or/
and lower grip strength. According to the gait protocol, half
of the study used gait speed as parameter for slowness
(expressed in metre per second) and as indicator of gait per-
formance for additional assessment. One-third of the study
used gait time, measured in seconds. We did not observe a
preferred protocol for measuring gait speed; however, the
majority of the studies used 2.4, 4.6, and 6 m walks. The
cut-off values for each measurement also differed from one
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study to the other. Twenty per cent of the studies did not
refer to any specific cut-off value, while 12.9% considered
1 m/s as the discriminative gait speed to separate frailty sub-
jects from healthy pairs (Table S3).

A detailed overview of the included studies is reported in
Table 2 where we showed the general information of the
study (location, type, sample number, and age range), the
frailty model adopted (index/phenotype and domain) with
the related gait parameters and protocols, and finally, the rel-
ative estimated relationships to the study outcomes. In
Figure 3, we showed the distribution of the included articles
in terms of frailty models (and related domains) in relation to
the selected gait parameters and protocols. Figure 4 depicted
the distribution of the included articles in relation to the
health-related outcomes investigated and the gait parame-
ters adopted. We then summarized the major findings each
included study reported according to both the influence of
gait in the frailty models adopted and the role of gait param-
eters with respect to selected health-related outcomes.

Influence of gait in different frailty models

Among the 18 studies that reported as outcome the identifi-
cation of frailty status in the older population, only few of
them investigated the specific influence of gait in relation
to the frailty model/phenotype. Other studies that revealed
these associations were those where new frailty phenotypes
have been proposed (Table 2, last column).

Raji and colleagues®® showed that the percentage of par-
ticipants who became frail from non-frailty status by slow-
ness (walk speed) criterion alone increased from 17.6% to
25% in people with low cognition and from 15.8% to 18.1%
in normal population. Garcia-Garcia and colleagues®® re-
ported that slowness was the prevalent criterion of the frailty
status (24.1% in 1972 subjects) in the Toledo Study on
Healthy Aging, like the results obtained by Chen and
colleagues® from the Sasaguri Genkimon Study (17.1% in
1527 older people). Other studies reported higher prevalence
of slowness among frailty items,”>®® while Yoon and
colleagues®®* %> reported lower percentage, although the
sample size was significantly reduced.

Two studies focused also on impaired balance as a poten-
tial contributor to frailty, with conflicting results: Kang and
colleagues®” presented the first report on quantitative
posturography measures in frail individuals during a
dual-task paradigm showing that the index of complexity
[odds ratio (OR): 0.303; 95% confidence interval (Cl): 0.114—
0.805], centre of pressure path length (OR: 1.002; 95% Cl:
1.000-1.004), and root mean square (RMS) of high-pass fil-
tered sway signal (OR: 10.3; 95% Cl: 1.312-80.76) were signif-
icantly associated with frailty, while Davis and colleagues*®
concluded that balance and mobility were not sufficient to
define a participant as frail.

Thirteen studies showed the influence of gait parameters
in relation to different frailty instruments. In particular,
Cherubini and colleagues® found that only slow gait speed
(OR: 19.65; 95% Cl: 4.69-82.35) and mobility issues (OR:
18.04; 95% Cl: 3.11-104.78) were significantly associated
with the condition of frailty in the absence of disability.
Badrawasi and colleagues’® found that rapid pace gait speed
was a significant frailty predictor. Hartley and colleagues®’ re-
ported a strong association between higher admission Clinical
Frailty Scale (CFS)**° and lower discharge usual gait speed
(OR: 0.57; 95% Cl: 0.50-0.65), not explained by variation in
age, sex, presence of cognitive impairment, or illness acuity,
thus providing the CFS maybe a valid measure of frailty in
clinical settings. Lee and colleagues® found that while use
of either gait speed or grip strength alone was sensitive and
specific as a proxy for the Fried frailty phenotype, the
dual-trait measure of gait speed with grip strength was accu-
rate, precise, specific, and more sensitive than individual
traits and other possible dual-factor combinations.
Montero-Odasso and colleagues’ found that only slow gait
was cross-sectionally associated with being cognitively im-
paired (OR: 2.14; 95% Cl: 1.13-4.05). Shimada and
colleagues®®® developed a new operational definition of cog-
nitive frailty as the concomitant presence of physical frailty
(as slow walking speed or muscle weakness), cognitive im-
pairment, and a sign of impairment in word list memory, at-
tention, executive function, or processing speed in the
National Center for Geriatrics and Gerontology-Functional
Assessment Tool. However, no data were shown about the
influence of slowness in this new operational frail model.
Yu and colleagues®®® reported that subjects with cognitive
frailty were characterized by lower gait speed. Zhong and
colleagues®® showed that older adults had significantly
decreased speed and step frequency under the dual cognitive
task condition. Pre-frail older adults showed significantly
decreased speed, mediolateral RMS, vertical RMS,
anteroposterior RMS, vertical amplitude variability, and verti-
cal step regularity compared with non-frail older adults
(P < 0.05). Zhou and colleagues™® confirmed previous
studies demonstrating that gait speed is the most important
indicator of the frailty syndrome (OR: 0.082; 95% Cl: 0.007—
0.947).

Four studies explored the ability of slow gait speed in
contributing to the definition of frailty status according to
Gerontopole Frailty Screening Tool,*” comprehensive geriat-
ric assessment,®® “Vozrast ne pomekha’,’°% and targeted ge-
riatric assessment,®* concluding that gait speed was the
most frequently observed frailty criterion in their popula-
tion and thus supporting the cycle of frailty hypothesis
put forth by Fried and colleagues.®* Only Tsutsumimoto
and colleagues®® investigated the association between so-
cial frailty and physical function, defined through gait speed
and grip strength, and they found that gait speed also var-
ied between social frailty groups (all Ps for trend < 0.001).
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Number o publications 4]

Figure 3 Distribution of included studies in relation to frailty models (and related domains) in relation to the selected gait parameters and protocols.
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Figure 4 Distribution of included studies in relation to the health-related outcomes investigated and the gait parameters adopted.

Finally, Maggio and colleagues®” and Ozsiirekci and
colleagues®® investigated the construct validity of novel
frailty indices (respectively, the nine-item Sunfrail Checklist
and the 9-Point CFS) through the correspondence between
some checklist items with different domains, including gait
speed.

The role of gait in the different categorized
health-related outcomes

Clinical domain
In particular, the present findings suggest that gait speed was
the strongest predictor of chronic*® and incident disability,®®
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especially in co-occurrence of MCI®”%97° and long-term hos-

pital stay.>® Four studies showed that there was a main effect
of gait impairment for predicting mortality and dependence
in different settings.”®® Brown and colleagues®® explored
these issues in the older depressed group, while
Jotheeswaran and colleagues®® in a large population-based
cohort study on older people in Latin America, India, and
China. Tabue-Teguo and colleagues’* have shown that mea-
sures of gait and psychomotor speed contributed to define
subjects with an increased risk of dying. Hernandez-Luis and
Martin-Ponce®® showed how mortality at 100 days and
long-term survival were closely related to physical function
capacity in older hospitalized patients.

Finally, three studies investigated the role of gait speed in
contributing to quality of life, measured in different
aspects.*>**78 Chang and colleagues® reported that slow-
ness was the major contributor to a worse score of seven
of eight subscales of Short Form (36) Health Survey.
Alexandre and colleagues®* observed that in polypharmacy,
joint disease and chronic pain were similarly associated with
slowness. Ayers and colleagues’® carried on the first study
showing that apathy symptoms may predict incident frailty
and motoric decline among non-demented, community-
dwelling older adults as well being an independent risk factor.

Cognitive domain
Boyle and colleagues® reported, in a study that used 12 years
of annual follow-up data, that physical frailty was associated
with a high risk of MCI, such that each 1 unit (grip strength,
timed walk, body composition, and fatigue) increase in phys-
ical frailty was associated with a 63% increase in the risk of
MCI. Auyeung and colleagues®* showed that physical frailty,
as indicated by low body weight, weaker grip strength, slower
performance in the chair stand test, and shorter step length
in men and weaker grip strength in women, was associated
with a decline in Mini-Mental State Examination (MMSE)
score over a 4 year period. Montero-Odasso and colleagues’®
showed that cognitive frailty may embody two different man-
ifestations, slow gait speed and low cognition, of a common
underlying mechanism. Participants having slow gait and cog-
nitive impairment had significantly higher incidence of de-
mentia, 12% with an incidence rate of 130 per 1000 person-
years. Veronese and colleagues’® found that slow gait speed
predicted the onset of cognitive decline at 4.4 year follow-up.
Hooghiemstra and colleagues®® found associations between
slower gait speed and worse baseline performance on mea-
sures of memory, attention, information processing speed,
and verbal fluency. However, cox proportional hazards
models showed no associations between baseline gait speed
and grip strength and clinical progression to MCI or
dementia.

Nyunt and colleagues®® reported that almost two-thirds of
community-dwelling older adults with MCI manifested physi-
cal frailty or pre-frailty, including low lean muscle mass, low

muscle strength, slow gait speed, exhaustion, and low physi-
cal activity, as well as balance and gait impairment, which
posed elevated risk of falls, in greater proportions compared
with their cognitively normal counterparts. Doi and
colleagues®® showed that co-occurrence of MCl and slow gait
speed had a high risk of dementia compared with that of
each condition alone. Garcia-Cifuentes and colleagues® re-
ported that Colombian older adults who had low handgrip
strength and gait speed had an increased risk to suffer of cog-
nitive impairment, regardless of age, sex, education, or body
mass index (OR: 2.76; 95% Cl: 1.83-4.15). Hartley and
colleagues®”  reported a relationship between the
pre-admission levels of frailty, as assessed by the CFS, which
is based on clinical judgement, and objectively measured
usual walking speed, assessed on the day of discharge from
hospital. They observed a strong association between higher
admission CFS and lower discharge usual walking speed, re-
gardless of variation in age, sex, presence of cognitive impair-
ment, or illness acuity. Hsueh and colleagues®® demonstrated
a positive relationship between frailty and Alzheimer’s Dis-
ease 8 scores, a brief questionnaire used to differentiate nor-
mal aging from dementia, among older individuals showing
that the OR of frailty for individuals with Alzheimer’s Disease
8 scores > 2 was 5.3.

Yassuda and colleagues® firstly added new information to
the international literature on frailty and cognition as it in-
cluded other cognitive measures (delayed memory recall,
verbal fluency, and Clock Drawing Test), in addition to the
MMSE, showing that frail older adults more frequently pre-
sented with cognitive impairment. They also found that gait
speed was associated with executive functions (verbal flu-
ency and Clock Drawing Test). McGough and colleagues®? re-
ported similar results in a baseline cross-sectional analysis of
data coming from a randomized controlled trial of psychoso-
cial and exercise interventions for sedentary older adults with
amnestic MCI. They found that faster usual gait speed was as-
sociated with lower severity of cognitive impairment, as mea-
sured with the Alzheimer’s Disease Assessment
Scale-Cognitive Subscale. In addition, faster usual gait speed
was associated with better performance in cognitive dimen-
sions of attention, executive function, and immediate recall.
Shimada and colleagues® reported the prevalence of com-
bined physical and cognitive decline in a sample of 5104 older
community dwellers in Japan (2.7%). In a subsequent pro-
spective study, the same authors found that dementia risk
was significantly associated with cognitive impairment and
cognitive frailty; in particular, the dementia incidence risk in
the cognitive impairment and cognitive frailty groups was
2.1 and 3.4 times higher than in the healthy group,
respectively.’®® O’Halloran and colleagues®” investigated
whether sustained attention performance and variability
were associated with pre-frailty and frailty in the Irish Longi-
tudinal Study on Aging. They found that the fast variability
measure was only the mean reaction time and fast variability
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measures were significantly associated with pre-frailty and
frailty. In addition, among the younger 50-64 age group, a
1 SD increase in mean reaction time correlated with a 39% in-
creased risk of being frail on the low gait speed component,
while among the older 65+ age group, a 1 SD increase in
the fast variability measure was correlated with a 31% in-
creased risk of being frail on the low gait speed. Chou and
colleagues?® showed that the slowest gait speed group
showed a significantly greater decline in Digit Symbol Substi-
tution Test scores, a test evaluating processing speed, over
10 years than the highest group, but not in the MMSE scores.
Kim and Won'*2 recently reported that cognitive impairment
domains, such as processing speed and executive function,
were associated with sarcopenia-related slow gait speed.
Umegaki and colleagues'®® demonstrated that pre-frailty
was associated with lower memory and processing speed
performance, but not with other cognitive domains. Among
the components of the physical phenotype of frailty, slow gait
speed and loss of physical activity were significantly associ-
ated with slow processing speed as assessed by the Digit
Symbol Substitution Test.

Fougére and colleagues® analysed the relationship be-
tween cognition and the components of the physical pheno-
type of frailty. Their results supported the idea that physical
frailty, and more specifically slow gait speed, was associated
with cognitive impairment. Yoon and colleagues'®* reported
that slowness presented significant correlations with process-
ing speed, working memory, and memory in older rural resi-
dents. Yu and colleagues®® found that cognitive frailty may
be defined as the occurrence of both cognitive impairment
and pre-frailty, not necessarily progressing to dementia. In
fact, compared with participants who were robust and cogni-
tively intact at baseline, those who were pre-frail and with
overall cognitive impairment had lower grip strength, lower
gait speed, poorer lower limb strength, and poorer perfor-
mance in memory delayed recall at Year 4. These cognitive
frail subjects had also an increased risk of poor quality of life
and incident physical limitation at Year 4, increased cumula-
tive hospital stay at Year 7, and mortality over an average
of 12 years after adjustment for covariates. Sathyan and
colleagues™* reported that higher levels of frailty, diagnosed
using a 41-point cumulative deficit frailty index where slow
gait was not included, increased risk for developing motoric
cognitive risk syndrome (MCR). Shim and colleagues demon-
strated that individuals with MCR had an increased risk of
poor cognitive profile related to brain frontal and prefrontal
function, because they observed that MCR was associated
with deficits in global cognition, processing speed, and exec-
utive function, but not delayed free recall memory.**® In-
creasing gait speed related to lower Everyday Cognition
Scale total score, quantifying subjective cognitive decline,
and lower memory scores has been observed by Gifford
and colleagues™*! who also suggested a possible sex differ-
ence in the clinical manifestation of frailty, with primary

associations noted in women. De Cock and colleagues®®®

suggested that multifactorial gait analysis could be more in-
formative than using gait analysis with only one test or one
variable. They confirmed that gait speed, mean number of
steps per metre (similar to step or stride length) and swing
time variability (equal to step time variability), was associated
with the severity of cognitive impairment at usual pace.
These findings were confirmed also by Doi and colleagues'®®
who suggested that gait speed, stride length, and stride vari-
ability were significantly related to incident dementia among
the full sample. Only two studies suggested that alternative
methods, like Time Up and Go (TUG) test® or
Upper-Extremity Function,*'° may provide a more sensitive
and specific model for predicting cognitive status in compar-
ison with gait because walking is a routine daily activity, min-
imum skill learning is involved in its performance.

Finally, two studies investigated the role of Dual Task Con-
dition during gait in characterizing frailty subjects and frail
with cognitive impairments®®7%: they concluded that gait per-
formance was significantly different in regularity and symme-
try for both the frail and frail with cognitive impairment
groups compared with the control group, but no differences
were observed between the frail and frail + MCI groups.
These results indicated that the performances related to
the dual-task costs were likely independent of the MCI level.
A possible explanation for the lack of differences in the func-
tional tests between the frail individuals with and without
MCI was the sample size and the fact that the categorization
of gait impairments has not yet been studied using the
dual-task paradigm.

Physical domain

Rothman and colleagues®® carried on a longitudinal study of
754 initially nondisabled, community-living persons aged 70
and older for 96 months. They found that slow gait speed
was the only significant predictor of injurious falls (hazard ra-
tio: 2.19; 95% CI: 1.33-3.60). Shimada and colleagues®®
showed that clinical tests of neuromuscular functioning may
be able to predict risk of falling in frail older people. In fact,
in the validation study, univariate analyses identified several
tests as being able to discriminate between fallers and
non-fallers (one-leg standing test, tandem walking test, 6 m
walking speed at a comfortable pace, 6 m walking speed at
maximum pace, and TUG tests). In contrast, only the tandem
walking test was identified as a clinically relevant indepen-
dent predictor of falls by multiple logistic regression analysis.
When performance was dichotomized, only the 6 m walking
speed at a comfortable pace, one-leg standing, and 6 m walk-
ing speed at maximum pace tests remained statistically signif-
icant predictors of falls. Langlois and colleagues®® found that
physical capacity measures (i.e. functional capacities, physical
endurance, gait speed, and mobility) were significantly lower
in frail participants.
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Doi and colleagues®” supported the idea that slow gait and
MCI were related and concurrently associated with falling
(OR: 1.99; 95% Cl: 1.08-3.65), collected as fall history in a
face-to-face interview. Similar findings have been previously
observed by Casas-Herrero and colleagues,®® where the
authors reported an association between the decrease in gait
speed with arithmetic tasks (Dual Task Condition) during the
TUG test with the risk of falls (assessed using questionnaires)
in both the frail and frail + MCl groups, even though no differ-
ences were observed between the two groups in the physical
outcomes. Finally, Malini and colleagues’® assessed fear of
falling by Falls Efficacy Scale International in a
cross-sectional study on 742 participants from the Research
Network Frailty in Brazilian Older People, specifically the Rio
de Janeiro section. They found that diminished gait speed
was associated with fear of falling (OR: 1.64; 95% Cl: 1.04—
2.58). Martinez-Ramirez and colleagues’* revealed no signifi-
cant differences in gait kinematic performance between the
frail + MCI and frail groups for either the habitual gait test
or the dual-task gait tests. Nevertheless, the kinematic pa-
rameters demonstrated significantly better performance for
the control group than the frail and frail + MCI groups.
Furtado and colleagues® reported that significant correla-
tions were found between FS and endurance, agility—dynamic
balance, and upper and lower limb muscle strength tests.

In a large cross-sectional study, Yamada and colleagues®®
showed that visual and hearing impairments were associated
with higher rates of balance problems, defined as exhibiting
difficulty in standing, difficulty turning around, dizziness, or
unsteady gait. Subsequently, in the Health, Aging and Body
Composition study, Kamil and colleagues'** demonstrated
that older adults with moderate-or-greater hearing impair-
ments had a 63% increased risk of being frail, defined as a
gait speed of <0.60 m/s and/or inability to rise from a chair
without using arms.

Yoon and colleagues®®® explored the associations between
accumulation of amyloid-f in the brain as a brain imaging bio-
marker and phenotypes of physical frailty (weight loss, weak-
ness, exhaustion, slowness, and low physical activity) in older
adults with MCI and cognitive frailty from the Korean Brain
Aging Study for Early Diagnosis and Prediction of Alzheimer’s
Disease. They found that mean cortical region of interest and
regional standardized uptake value ratios were associated
with gait speed, TUG, and Short Physical Performance
Battery.

Three studies investigated the relationship among gait
speed and insulin-like growth factor-1 (IGF-1).5>7%97 They
found that low serum IGF-1 was associated with reduced cog-
nitive function and gait speed, particularly with a combina-
tion of MCI and slow gait,®>°” predicted incident disability
among community-dwelling older adults,”? thus confirming
the hypothesis that decreased IGF-1 is considered to be
caused by cumulative molecular and cellular damage and
leads to frailty in older population.®” Dokuzlar and

colleagues®®  reported no significant  difference in
sub-parameters of the Fatigue, Resistance, Ambulation, Ill-
nesses, and Loss of Weight questionnaire (Morley and
colleagues®??) and the physical frailty phenotype operational-
ized with Fried criteria®* (specifically ambulation and slow-
ness) between patient groups divided based on vitamin B12
level above or below 400 pg/mL or state of frailty.

Finally, Camicioli and colleagues® examined if handwriting
parameters were associated with gait performance, weak-
ness, poor endurance/exhaustion, and cognitive impairment.
They reported that gait was not significantly associated with
overall writing velocity although lower overall writing velocity
was found in subjects characterized by slow gait velocity.
Hanton and colleagues®® identified statistically significant dif-
ferences between functionally intact and frail participants in
mobile phone-derived measures of per cent activity, active
vs. inactive status, average step counts, and gait speed.

Nutritional domain

Several interrelated factors may contribute to the
aetiopathogenesis of frailty syndrome. Significant body of ev-
idence is available regarding the relationship among insuffi-
cient protein and caloric intake with sarcopenia and
frailty.2 In the INCHIANTI study, Bartali and colleagues®
found that daily energy intake < 21 kcal/kg body weight
was significantly associated with frailty (OR: 1.24; 95% Cl:
1.02-1.5). This study also analysed the association between
frailty and nutrients, and after adjusting for energy intake,
low intakes of protein (OR: 1.98; 95% Cl: 1.18-3.31), vitamin
D (OR: 2.35; 95% Cl: 1.48-3.73), vitamin E (OR: 2.06; 95% ClI:
1.28-3.33), vitamin C (OR: 2.15; 95% Cl: 1.34-3.45), and fo-
late (OR: 1.84; 95% Cl: 1.14-2.98) were significantly and inde-
pendently related to frailty. However, they found no
association between gait-related criteria and frailty pheno-
type. In the Women’s Health and Aging Studies, Beasley
and colleagues*? showed that a 20% increase in uncalibrated
protein intake (% kcal) was associated with a 12% (95% Cl: 8—
16%) lower risk of frailty and that a 20% increase in calibrated
protein intake was associated with a 32% (95% Cl: 23-50%)
lower risk of frailty.

Two studies showed an association between Mediterra-
nean diet [based on a Mediterranean Diet Score (maximum
9 points) evaluated by an interview-based food frequency
questionnaire] and frailty.*®° In the InCHIANTI study, 690 pa-
tients aged >65 years were included and followed up for
6 years. Results showed that higher adherence (score > 6)
to a Mediterranean-style diet was associated with lower odds
of developing frailty (OR: 0.30; 95% Cl: 0.14-0.66) compared
with those with lower adherence (score < 3) and that higher
adherence to a Mediterranean-style diet at baseline was also
associated with a lower risk of low physical activity (OR: 0.62;
95% Cl: 0.40-0.96) and slow walking speed (OR: 0.48; 95% Cl:
0.27-0.86), but not with feelings of exhaustion and poor
muscle strength.*® In another study, Bollwein and
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colleagues®® showed that the risk of being frail was signifi-
cantly reduced in the highest quartile of the Mediterranean
Diet Score (OR: 0.26; 95% Cl: 0.07-0.98). In line with these re-
sults, Le6n-Mufioz and colleagues®® observed that being in
the highest tertile of Mediterranean Diet Adherence Screener
score was associated with a reduced risk of slow walking (OR:
0.53, 95% Cl: 0.35-0.79). Furthermore, Rahi and
colleagues®® found that Mediterranean diet adherence was
associated with a significantly reduced risk of incident slow-
ness (OR: 0.45, 95% Cl: 0.20-0.99). Chan and colleagues,®?
in contrast, reported no association between other dietary
patterns and incident frailty. Their study showed that a better
diet quality as characterized by higher Dietary Quality
Index-International was associated with lower odds of devel-
oping frailty.

In a large cross-sectional study, Arjuna and colleagues’’
found that range of gait speeds observed in their study for
the rural and urban participants (i.e. 0.34 to 0.72 m/s) was
substantially slower than for predominantly Caucasian and
Afro-American older community-living adults (0.70 to
1.42 m/s) and comparable with institutionalized Western peo-
ple aged 90 years or more (0.49 * 0.21 m/s for 90 years and
0.43 + 0.19 m/s for 95+ years), highlighting the necessity for
different cut-off values for specific ethnicities. In addition, they
reported a positive correlation among biomarkers of nutri-
tional status, such as energy and protein intake, and gait speed
showing a decrease in gait speed as nutritional status changed
from malnourished to at risk of malnutrition to well nourished.

Finally, Wei and colleagues®**° found that changes in nu-
tritional states were associated with frailty state transitions.
They reported that Mini Nutritional Assessment at risk/mal-
nutrition was highly significantly associated with pre-frailty
(OR: 2.11; 95% Cl: 1.80-2.46; OR: 6.71; 95% Cl: 3.43-13.1)
and frailty (OR: 2.72; 95% Cl: 1.84-4.02; OR: 17.4; 95% Cl:
6.68-45.3). Also, in one of the studies (Wei et al.*°®), being
at risk of malnutrition/malnourished at baseline was associ-
ated with increased odds of prevalent pre-frailty (OR: 2.76;
95% Cl: 1.86-4.10) and frailty (OR: 4.10; 95% Cl: 1.41-11.9)
as baseline robust individuals who were persistently at risk
of malnutrition/malnourished showed an increased odds of
conversion to being pre-frail/frail at follow-up (OR: 3.45;
95% Cl: 1.00-11.9). However, no specific contribution of slow-
ness has been investigated in relation to the nutritional
status.

Discussion

In the present systematic review, retrieving and evaluating
original studies that assessed how gait is measured in the frail
population and how the gait parameter adopted may influ-
ence the estimated frailty phenotype and health-related out-
comes, gait appeared to be an indicator of health and

function also in frail older adults. No previous attempts have
been made in trying to clarify the complexity and the multidi-
mensionality of gait in different settings and with different
frailty models or tools. We were then able to highlight the
great heterogeneity in measurement protocols in both
clinical-based and population-based settings that could repre-
sent an important issue causing variability in the different out-
come measures. For different frailty phenotypes, some studies
reported that not only gait speed but also other gait parame-
ters may help in categorizing either frail subjects and the com-
bination of frailty and MCI (cognitive frailty phenotype) and
that all physical function tests significantly varied between so-
cial frailty groups (social frailty phenotype). Therefore, com-
bining various gait parameters may enhance frailty
prediction and classification of different frailty phenotypes.
Gait parameters appeared to predict adverse health-related
outcomes in clinical, cognitive, and physical domains and, to
a lesser extent, in nutritional domain, as shown in Figure 2
and extensively discussed in the Results section.

The transition from a robust status to one of age-related
disability is usually preceded by a physiological state termed
frailty.**?* Although frailty can be characterized using classi-
cal clinical phenotypes and laboratory-based biomarkers, a
consensual definition of frailty has been proposed, but an op-
erational assessment remains to be agreed upon.® In fact, this
clinical construct may include sensorial, physical, social, cog-
nitive, psychological/depressive, and nutritional
phenotypes.'?® Therefore, it is not surprising that over 40 op-
erational definitions of frailty have been proposed but, to
date, a formal consensus is still lacking. The most prominent
approach used to assess frailty is using the physical frailty
phenotype.®* Following this model, frailty is diagnosed based
on the presence of at least three of the five physical attri-
butes and capabilities of an individual. These include weight
loss (unintentional weight loss of 4.5 kg or more in the last
year), exhaustion (mostly self-reported), physical inactivity,
slow walking speed, and weakness (low grip strength).
Among these criteria, gait speed has been reported as one
of the strongest to predict adverse outcomes, such as mobil-
ity disability, falls, or hospitalization. Despite this fact, gait
analysis has not been used in routine assessment of frailty
status. Little is known about the association between gait pa-
rameters other than gait speed and categorical frailty status.
The present findings confirmed those coming from another
systematic review suggesting that the combination of various
spatio-temporal parameters of gait may enhance the sensitiv-
ity and specificity of frailty risk prediction and classification.>®
Adachi and colleagues?® showed how maximum step length
also showed good predictive accuracy for usual walking
speed < 0.8 m/s. Recently, Grande and colleagues,**’ in an-
other review article, summarized the evidence concerning
the association of slow gait speed with cognitive decline
and dementia and discussed the possible shared pathways
leading to cognitive and motor impairments, under the
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unifying hypothesis that body and mind are intimately con-
nected. They concluded that the measurement of gait speed
may improve the detection of prodromal dementia and cog-
nitive impairment in individuals with and without initial cog-
nitive deficits.

Limitations of the present systematic review included the
inability to combine aggregate-level data reported in each
primary study to perform a meta-analysis in order to
strengthen our work. Thus, we were not able to state that
we recognized the specific contribution of one or more gait
parameters in the definition of frailty neither in the assess-
ment of different outcomes. Thus, advances in technology
during the last decade have provided investigators and clini-
cians low-cost tools for measuring not only speed but also
other gait variables with high validity and practicality in re-
search, clinical, and home settings.*® However, a precondi-
tion for the use of this technology for routine clinical
assessment is a proper understanding of the relationship be-
tween gait parameters and frailty.??*3° Acquiring more in-
formation about gait in older adults defined as frail has
been repeatedly requested****3? and would enhance our un-
derstanding of ambulation patterns in this vulnerable popula-
tion. Moreover, this information can serve as a reference for
follow-up studies.

Heterogeneity

Although most of the included studies referred to the physical
frailty phenotype®* as a mono-domain frailty tool, there were
variations in the protocol to measure gait speed (Figure 3).
Distance for the timed walk ranged from 4 to 20 m, and one
study®! measured gait speed over two distances (4.8 and
5 m). In addition, two studies reported gait measurements
as categorical values,”®°® and one study considered the num-
ber of steps walked as measure of walking abilities.™*° An-
other variation in the protocol was whether timing initiated
from a static or moving start. Where technology-based assess-
ment was used to measure gait parameters, a moving start
was assumed. All the studies measured gait speed using a
self-selected or usual pace. Other terms in the literature to de-
note gait speed at usual pace included comfortable, habitual,
normal, or preferred. Six studies recorded gait speed also dur-
ing dual task.3¢>1>9110112 gyerall, the 4 m walk is the most
used version for studies in older people.

Influence of gait in different frailty models

There is a consensus on the definition of physical frailty,
which is well known.>* Almost all of the studies identified
slowness as one of the most prevalent criterions in the defi-
nition of frailty status and observed that walking speed in
the frail population was significantly lower than healthy

controls.?%44537> Only two studies investigated the role of
other components as balance in the definition of frailty®”*3
with contrasting results.

Numerous studies examined other models of frailty, fo-
cusing on cognitive and social components. With respect
to the cognitive aspect of frailty, an International Consensus
Group for ‘cognitive frailty’ was organized by the Interna-
tional Academy on Nutrition and Aging and the Interna-
tional Association of Gerontology and Geriatrics in
2013.2*3 They provided the first definition of ‘cognitive
frailty’ in older adults. Five studies recalled this operational
definition,”>10%104105 \while three other studies considered
either additional measurements of cognitive status®%®
and the recently described MRC,*® defined as the presence
of slow gait and cognitive complaints.®® Results from these
studies were in agreement with a ‘motor signature’ of cog-
nitive decline that shows that slow gait is associated with
cognitive status.

Several studies have shown that older individuals with so-
cial frailty had the highest risks of instrumental activities of
daily living limitations; thus, an operational definition of this
frailty phenotype using simple questions was reported to as-
sess social engagement for older people.** Social frailty not
only takes into account the role played by the socio-economic
context in determining the vulnerability status in older age
but also can be defined as a continuum of being at risk of los-
ing, or having lost, social and general resources, activities, or
abilities that are important for fulfilling one or more basic
psychosocial needs during the life span.* Only Tsutsumimoto
and colleagues®® carried on a cross-sectional population-
based study in Japan to investigate the association between
social frailty and cognitive and physical function among older
adults. They found that all physical function tests, character-
ized by slow walking speed or/and lower grip strength, signif-
icantly varied between social frailty groups.

Relationship among gait and categorized study
outcomes

Over the last century, life expectancy has steadily improved
worldwide, and the number and proportion of older people
have markedly increased.'® This trend is expected to con-
tinue in the next few decades, and there will be an unprece-
dentedly large number of older people.'* Older adults are
the main users of health care services and account for most
of the health care costs. Recently, Kojima®*® found a dose—re-
sponse increase in health care costs associated with frailty
among community-dwelling older adults.

The present review showed that the majority of the
study investigated the relationship between gait and
clinical-related outcomes (36 out of 85) and almost half of
the study made use of gait speed or time as parameter
for gait measurement (Figure 4). However, the great
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heterogeneity in the adopted protocol did not allow us to
carry out a meta-analysis of the included studies. We
then summarized the major findings according to the
health-related outcomes in order to clarify the contribution
of gait parameters in each domain. Almost the 40% of the
studies reported health-related outcomes in the clinical do-
main, and research findings confirmed that in both the phys-
ical and multidimensional frailty phenotypes, gait appeared
to predict adverse health-related outcomes as disability,
long-term hospital stays, and mortality, thus affecting quality
of life.

Growing evidence has indicated that there is a connection
between frailty and cognitive impairment. For the cognitive
domain, in the present review, almost half of all of the
included studies have reported a longitudinal association
between slowness, measured as gait speed or time, and
rate of MCl in older community-dwelling individuals, even
though the criteria for determining frailty and MCI vary
slightly between studies, as recently reported by Hoogendijk
and colleagues.® Several studies have shown that
multi-domain cognitive tests, such as those examining gen-
eral cognitive function, memory, and executive function,
were useful for assessing dementia risk in older individuals.
Results suggested that frailty may coincide with MCl in older
adults who exhibit vulnerability factors for both conditions.
Therefore, the concepts of cognitive frailty®*® and MCR*
may represent a prodromal stage for neurodegenerative
diseases.

In the stage of more advanced cognitive impairment, slow
gait speed did not seem to predict transitioning to death any-
more. A previous scoping review by Kikkert and colleagues*®
also recommended gait analysis, including dynamic gait pa-
rameters, in clinical evaluations of patients with suspected
cognitive decline. In the present review, only five studies re-
ported that no single gait variable, but rather other gait var-
iables or a combination of them could be used or
integrated in order to classify dementia. There was only an
exception with two studies reporting that the magnitude of
the impairment in gait pattern was independent of frailty
and cognitive impairment status,® probably due to the low
sample size and the category (institutionalized adults). There-
fore, screening for gait dynamics may be useful for identifying
older adults at risk of adverse health-related outcomes such
as cognitive decline.

Fall is a leading cause of mortality in older people. Inci-
dence of fall is high among older people; one-third of older
people aged 65 and older fall every year, and the incidence
of falling increases up to 50% among those 80 years and
older.®®® For the physical domain, in the present review, low
gait speed has been reported as associated with injurious falls
in three longitudinal studies, although falling risk has been
assessed in different ways. Besides physical adverse out-
comes as falls, associations were also found between senso-
rial impairments and gait speed. Identification of

laboratory-based biomarkers related to frailty will contribute
to a better understanding of the mechanism of advanced ag-
ing. Among such measurable biomarkers, IGF-1, an important
mediator of growth hormones with protective effects on neu-
robiological processes and in the promotion of skeletal mus-
cle, appeared to be associated with reduced cognitive
function and gait speed, predicting incident disability among
community-dwelling older adults. Preliminary investigations
observed relationship between brain imaging biomarker and
phenotypes of physical frailty, indicating an existing associa-
tion between global standardized uptake value ratio (frontal
cortex, temporal cortex, parietal cortex, precuneus/posterior
cingulate cortex, hippocampus, and basal ganglia) and gait.*®*

Although several observational studies have shown an as-
sociation between inadequate nutritional intake and frailty,?*
very few evidence supported the relationship among gait pa-
rameters and nutrition. Nutritional strategies focused on die-
tary patterns, such as a Mediterranean diet, that can be
protective against frailty and the risk of slow walking
speed.*®°0°6100 A nositive correlation between energy and
protein intakes positively correlated with physical function
(grip strength, gait speed, and Fatigue, Resistance, Ambula-
tion, lllnesses, and Loss of Weight questionnaire) has been
observed by Arjuna and colleagues’” in rural and urban Indo-
nesian populations. In contrast, Chan and colleagues®® ob-
served no association between dietary pattern and frailty,
even though their findings may imply that a diet of adequate
energy intake, optimal protein intake, reduced consumption
of fast food, and being rich in plant-based and antioxidant
containing foods, such as vegetables and fruits, is important
for delaying the onset of frailty in Chinese older adults. It
should be noted that different cut-off values indicating higher
risk of malnutrition, frailty, and impaired physical and mental
function need to be determined for specific ethnicities. Mon-
itoring changes in nutritional status is recommended for the
prevention and severity reduction of frailty among older peo-
ple in the community.??>*4° As our understanding on the re-
lationship between frailty and antioxidants continues to grow
in terms of molecular mechanisms, the most convincing evi-
dence linking antioxidant nutrition and the prevention of
frailty is probably the association between adherence to
Mediterranean diet (a diet rich in fruits, vegetables, and anti-
oxidant substances) and frailty prevention that has been ob-
served in many cross-sectional and prospective studies
described earlier.?>*%*

Conclusions

The research on gait in frailty is ongoing, and a consensus on
its definition is still evolving. Our systematic review
highlighted a great heterogeneity in the protocols used to
measure gait, even though the same frail model has
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been used. Such variability determined an impossibility to
guantitatively compare the included studies in terms of
meta-analytic results. Furthermore, little is known about
the association between gait parameters other than gait
speed and categorical frailty status. Because frailty is ac-
knowledged to be a multidimensional concept and several
operational definitions have been proposed, physical
factors always have played an essential role. Gait speed rep-
resents one of the core elements because it is a quick, inex-
pensive, reliable measure of functional capacity with
well-documented predictive value for major health-related
outcomes.

The potential applicability of such a measure in both clini-
cal and research settings points at the importance of
expanding our knowledge about the common underlying
mechanisms of cognitive and motor decline. Furthermore,
combining various spatio-temporal parameters of gait may
enhance the sensitivity and specificity of frailty risk prediction
and classification of different frailty phenotypes. Thus, ad-
vances in technology during the last decade have provided in-
vestigators and clinicians low-cost tools, such as wearable
inertial sensors and actigraphy, for measuring not only speed
but also other gait variables with high validity and practicality
in research, clinical, and home settings. However, whether
gait should be considered a predictive or a responsive bio-
marker is still in debate.
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